INTRODUCTION
============

Lung cancer is the leading cause of death in cancer related mortality ([@B1], [@B2]). Complete surgical resection at an early stage is the only possible curative option for the treatment of lung cancer. Age, smoking, stage, and underlying lung function have been reported to be associated with the prognosis of patients after resection for lung cancer ([@B3]-[@B5]). However, even though lung cancer might be detected at an early stage, co-morbidities combined with the lung cancer often prevent patients from undergoing a surgical resection. Chronic obstructive pulmonary disease (COPD) is often diagnosed in patients with lung cancer, because COPD and lung cancer are mainly caused by smoking. COPD traditionally includes chronic bronchitis characterized by airflow limitation and emphysema with alveolar wall destruction. Emphysema is often detected even with no airflow limitation when chest tomography is performed for evaluations of lung cancer.

In some patients with lung cancer, there is a concern that the operative morbidity and mortality may be affected by the presence of emphysema; this may cause surgeons to be reluctant to subject patients to surgical treatment. The safety of surgical resections in patients with emphysema has not been resolved and the impact of emphysema on surgical outcome has not been clearly defined in patients with early lung cancer.

Therefore, the goal of this study was to investigate whether emphysema is a risk factor associated with the outcome of surgical resection in patients with early lung cancer.

MATERIALS AND METHODS
=====================

Subjects
--------

This study enrolled 237 consecutive patients with stage I or II non-small cell lung cancer (NSCLC) that underwent surgical resection from March 2003 to July 2007 at Ajou Medical Center (a university affiliated 1000-bed sized tertiary referral center in Suwon, Korea). The decision to perform a surgical resection for the patients with lung cancer was made through discussion in the joint conference where pulmonologist, thoracic surgeon, oncologist, radiation oncologist, and radiologist participated. Age, FEV~1~, performance, and staging were the main factors in the decision regarding surgical resection.

The data were collected and analyzed retrospectively. All patients were followed in the outpatient clinic at three to six month intervals during the first three years after surgery. For the patients who are lost during follow up, telephone interview had us get the information on the patient\'s survival.

This study was approved by the Institutional Review Board of Ajou University Hospital (Approval number: AJIRB-CRO-08169).

Diagnostic criteria
-------------------

The diagnosis of lung cancer was made using various methods, for example, sputum cytology, thoracentesis, fine needle aspiration, or bronchoscopy, as dictated by the patient\'s presentation. Pathologists interpreted the cytology or histology of tissue biopsy. The lung cancer was staged using a widely used classification system ([@B6], [@B7]) and the staging procedure included a clinical examination, standard chest radiography, computed tomography (CT) of the chest, abdomen, and brain, bronchoscopy, abdominal ultrasonography, bone scanning, and positron emission tomography (PET). For precise staging, only patients in whom pathologic staging was possible due to resection surgery were selected.

The diagnosis of COPD was determined by clinical criteria and previously documented airflow limitation (FEV~1~ \<80% of the predicted value in combination with an FEV~1~/FVC \<70% that is not fully reversible ([@B8], [@B9]). The severity of COPD was dictated by GOLD criteria ([@B9]). Spirometry was performed according to American thoracic society guidelines within 1 month before resection was performed ([@B10]).

Two radiologists who were blinded to the clinical informations determined the presence of emphysema and emphysema score by reviewing the thin-section CT scans.

CT scanning
-----------

All examinations were performed at our medical center using a 16-detector-row CT scanner. The CT examinations included pre and post-contrast scanning. The scanning parameters were 120 kVp and 70-200 mA. In all individuals, the scanning was performed during breath-holding at end inspiration. The thin-section CT scans were obtained with reconstruction thickness 1-1.2 mm using a high-frequency algorithm. When post-contrast scans were performed, a single phase contrast enhancement study was obtained after intravenous injection of nonionic contrast media (2.5 mL/sec, total of 100 mL of Iomeprol \[Iomeron 300\]; Bracco, Milan, Italy) using a power injector with a fixed delay time of 45 sec. The image data were reconstructed using a lung filter kernel at a slice thickness setting of 4 mm, at a 4-mm reconstruction increment.

CT scoring
----------

total of five levels (6 and 3 cm above carina; carina; and 3 and 6 cm below carina) were evaluated using thin-section scanning to score the severity and extent of emphysema; two radiologists assessed the findings using direct observational methods ([@B11]-[@B13]). When disagreements occurred, a consensus was achieved. Severity was graded according to a 4 point scale as follows: 0, no emphysema; 1, all low-attenuation areas smaller than 5 mm in diameter; 2, all circumscribed low-attenuation areas larger than 5 mm in diameter in addition to those circumscribed areas smaller than 5 mm in diameter; 3, diffuse low-attenuation areas without intervening healthy lung or large, confluent low-attenuation areas. The extent of emphysema was also graded using a 4 point scale as follows: 1, less than 25% lung involvement; 2, 25-50% lung involvement; 3, 50-75% lung involvement; 4, more than 75% lung involvement. For each of the 10 lung sections, the score for the respective section was obtained by multiplying the severity of emphysema by the extent of emphysema score. The total score, ranging from 0 to 120, was obtained by adding each score for the 10 lung sections.

Finally, the patients with emphysema were grouped into four subgroups by the cumulative frequency scores: mild emphysema (Grade 1; emphysema scoring 1-10), moderate emphysema (Grade 2; 11-16), severe emphysema (Grade 3; 17-31), and very severe emphysema (Grade 3; 32-101).

Statistical analysis
--------------------

SPSS version 12 (SPSS Inc., Chicago, IL, USA) was used for the analysis. All values are given as means±standard deviation, except for the survival period in which the mean±standard error was used. The values did not fit a standard distribution, so nonparametric analysis was performed. Survival curves were plotted using the Kaplan-Meier method, and the significance of differences between groups was analyzed using the log-ranks test. A Cox proportional hazards model multivariate analysis was used to evaluate factors contributing to survival. A value of *P*\<0.05 was considered statistically significant.

RESULTS
=======

Baseline clinical and demographic features of the patients
----------------------------------------------------------

The subjects were 237 consecutive patients (189 males and 48 females, mean age: 63.0±10.6 yr) that had NSCLC surgically removed. Emphysema was found in 43.4% of all patients with lung cancer. After surgical resection of the lung cancer, 67.1% of all patients were confirmed to have stage I disease.

Patient characteristics according to the presence or absence of emphysema
-------------------------------------------------------------------------

The emphysema patients were older and had a lower body mass index (BMI) compared to the patients without emphysema. Smokers were predominant in the emphysema group (90.3% vs. 67.4%; *P*\<0.001). Accordingly, squamous cell carcinoma, which occurs mostly in smokers, was more frequent in patients with emphysema; adenocarcinoma was more common in the patients without emphysema ([Table 1](#T1){ref-type="table"}).

Airway obstruction represented by the FEV~1~ (80.9±20.7% vs. 88.8±20.8%; *P*=0.004) and FEV~1~/FVC (69.5±13.27% vs. 76.1±9.8% *P*\<0.001) was worse in the patients with emphysema than in those without emphysema. However, there was no significant difference in the blood gas findings between the two groups ([Table 1](#T1){ref-type="table"}).

Postoperative complications and mortality
-----------------------------------------

For the patients with emphysema, the hospital stay tended to be longer compared to the patients without emphysema. However, there was no significant difference in the duration of intensive care unit (ICU) stay or chest tube placement after surgical resection ([Table 2](#T2){ref-type="table"}).

The mortality after surgical resection at 30 days was 2.9% in all patients with lung cancer, and the mortality at 90 days was 7.6%. However, there was no significant difference in the mortality rate at 1 month or 3 months based on the presence of emphysema. In addition, the complication rate was not different between the two groups. The most common postoperative complication was pneumonia, which occurred in 12.5% of the patients with emphysema and in 9.0% of the patients without emphysema ([Table 2](#T2){ref-type="table"}).

Survival of NSCLC patients depending on emphysema
-------------------------------------------------

Using the log rank test, the survival curves were compared between patients with and without emphysema. In all patients, the patients without emphysema (n=133, mean: 51.2±3.0 months) survived longer than those with emphysema (n=104, mean: 40.6±3.1 months, *P*=0.042) ([Fig. 1](#F1){ref-type="fig"}). Likewise, for stage I lung cancer, patients without emphysema survived longer (n=97, mean: 57.9±3.1 months) than those with emphysema (n=62, mean: 44.0±3.9 months, *P*=0.036) ([Fig. 2](#F2){ref-type="fig"}). In addition, in selected patients with stage I lung cancer and a normal FEV~1~ (FEV~1~ ≥80%), patients without emphysema survived slightly longer (n=68, mean: 55.4±2.9 months) than those with emphysema (n=32, mean: 46.6±5.3 months, *P*=0.076).

When survival was analyzed by grouping patients based on a 25% cumulative frequency of the emphysema scoring, only the patients with very severe emphysema survived for a far shorter period than the other three subgroups ([Fig. 3](#F3){ref-type="fig"}). The Cox regression analysis was used to analyze the association of emphysema and other factors to patient survival. According to the univariate Cox model, a younger age, higher FEV~1~/FVC, higher BMI, cancer stage, and lower emphysema score were significantly associated with a better survival ([Table 3](#T3){ref-type="table"}). The multivariate analysis of all patients revealed that a younger age, higher BMI, and stage I disease were independent parameters associated with a better survival; however, emphysema per se and the emphysema grade were not independent factors associated with survival ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

The results of our study demonstrated that in patients with early resected NSCLC (stage I and II), emphysema was not an independent parameter associated with survival after the resection of lung cancer. The findings showed that patients with emphysema had longer hospital stay and shorter survival on the univariate analysis. Patients without emphysema survived longer than those with emphysema after surgical resection of lung cancer, even in selected patients with cancer stage I. After lung cancer resection, the survival time of a subgroup with very severe emphysema was shorter than in the other three subgroups (no, mild, moderate, and severe emphysemas), when survival was analyzed by grouping patients based on a 25% cumulative frequency of the emphysema scoring.

However, the results of the multivariate analysis showed that age, cancer stage, and BMI were independent factors associated with survival after the resection of lung cancer, whereas emphysema per se was not a significant factor nor was the emphysema scoring. This discrepancy between the univariate and multivariate analysis might be attributed to the demographic data showing older smokers and diminished pulmonary function in the patients with emphysema. These confounding factors might have affected the prognosis after lung cancer resection and should be adjusted by the multivariate analysis, as shown in our data.

Patients with NSCLC have a higher prevalence rate of co-morbidity associated with age and smoking. This co-morbidity can have a significant impact on survival after surgical resection of patients with early NSCLC ([@B14], [@B15]). Therefore decisions to proceed with surgery in such patients should be made on a case by case basis weighing the clinical benefits and risks based on the significant associated outcome factors reported in this study. However, the findings of this study should reassure clinicians with regard to surgical therapy in early NSCLC patients that have emphysema.

When we confront the patients with severe emphysema who are about to undergo surgical resection, authors\' opinion is that clinicians should be alerted more to risk factors including age, cancer stage, BMI, and pulmonary function test which may possibly have an influence on the prognosis after surgery than emphysema itself because severe emphysema can be accompanied with many co-morbidities.

NSCLC patients up to stage II, determined by surgical resection, were enrolled in our study. These patients were chosen because of the conflicting opinions on the necessity of surgery in the patients with stage IIIa lung cancer ([@B16], [@B17]).

Airway obstruction represented by the FEV~1~, the most important factor for patient prognosis after surgery, was not a crucial factor in this study. This finding is likely explained by the fact that patients with severe airway obstruction were not considered candidates for surgery.

BMI, has been shown to be an independent factor in the prognosis of patients with COPD; therefore nutritional care seems to be important for these patients ([@B18], [@B19]). The results of this study showed that a lower BMI had a significant impact on survival after surgical resection. Therefore, it is thought that BMI should be considered an additional risk factor for surgery in patients with lung cancer.

COPD traditionally includes chronic bronchitis characterized by airflow limitation and emphysema with alveolar wall destruction. Because emphysema is often present without airflow limitation detected by pulmonary function testing, emphysema can go unnoticed unless a chest CT reveals lung parenchymal destruction. Therefore, emphysema might be more frequently found in patients with lung cancer because thorough evaluations including chest CT are usually performed. Emphysema can even be an independent risk factor for the development of lung cancer ([@B20]). Our data showed that 43.4% of patients with lung cancer had emphysema. One retrospective study reported that twelve percent of all cancer patients had COPD at the time of the cancer diagnosis and COPD was associated with reduced survival in a variety of cancers including breast, prostate, and urinary bladder cancer in middle aged patients, and in colon, larynx, prostate, and urinary bladder cancer in elderly patients ([@B21]). However, the impact of emphysema on the outcome of surgery for lung cancer continues to be debated. Ueda et al. reported that emphysema diagnosed by computed tomography was associated with a poor prognosis after surgical resection in patients with lung cancer ([@B22]). Their study is supported by theories suggesting that emphysema may reflect an increased susceptibility to smoking related biological damage, which ultimately determines the aggressiveness of tumor cells ([@B23]). In addition, tumor progression may be enhanced in emphysematous lungs where metalloproteinases are abundant ([@B24]). However, conflicting opinions have also existed. Patients with resectable lung cancer and emphysema may have a good long term survival after cancer resection because cancer resection provides a volume reduction effect ([@B25]). Patients with severe pulmonary dysfunction have had volume reduction surgery and pulmonary nodule resection, with favorable outcomes ([@B26]).

Previous studies have reported that postoperative ventilatory function, in patients with COPD, were well preserved after lobectomy ([@B27], [@B28]). We did not have the information needed to report on a volume reduction effect in this study, as acknowledged in the limitations below.

We acknowledge several limitations of this study. First, DLCO, which is associated with the degree of emphysema and prognosis after surgery, was not analyzed due to the retrospective design. Likewise, follow up by pulmonary function test was not conducted in a well-controlled manner, which might keep us from assessing postoperative condition exactly. Second, the etiology of emphysema such as antitrypsin deficiency was not determined because this disease is rare in Korean society. Third, a selection bias could have been present due to the fact that most patients resided in an area around Suwon city. Therefore, the patients in our study might not represent the Korean population. Fourth, decisions regarding surgery were determined by consensus of the thoracic surgeon, pulmonologist and radiologist; only cases that had the stage confirmed pathologically were enrolled. However, the possibility of surgeon\'s bias in selecting the candidate for resection of lung cancer cannot be ruled out and might have affected our data.

In conclusion, the results of this study suggest that age, cancer stage, and BMI were independent factors associated with survival after resection of the lung cancer, whereas emphysema per se was not. Therefore, unfavorable outcomes after surgical resection should not be attributed to emphysema itself.
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Patient characteristics according to the presence or absence of emphysema
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NSCLC, non-small cell lung cancer; BMI, body mass index; BAC, bronchioloalveolar carcinoma.
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Postoperative complication and mortality
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NSCLC, non-small cell lung cancer; ARDS, acute respiratory distress syndrome.
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Univariate analysis of the prognostic factors in NSCLC patients using Cox proportional hazards model
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BMI, body mass index; NSCLC, non-small cell lung cancer.
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Multivariate analysis of the prognostic factors in NSCLC patients using Cox proportional hazards model
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BMI, body mass index; CI, confidence interval; NSCLC, non-small cell lung cancer.
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